Structural dynamics of F-actin: I. Changes in the C terminus.
The biochemical properties of G-actin, and the kinetics of polymerization of G-actin into F-actin, are dependent upon whether Mg2+ or Ca2+ is bound at the high-affinity metal-binding site in actin. Three-dimensional reconstructions from electron micrographs show that a bridge of density, that we interpret as arising from a major shift of the C terminus, exists between the two strands of the filament in Ca(2+)-actin that is absent in Mg(2+)-actin. This bridge is also absent in models of F-actin built from an atomic structure of G-Ca(2+)-actin. The cleavage of the DNase I-binding loop in actin between residues 42 and 43, with the non-covalent association of the 42 cleaved residues with the remainder of the actin, induces an even larger bridge of density between the two strands. When the bridge is absent, the two C-terminal residues in F-actin are easily cleaved by trypsin, while these residues become increasingly resistant to tryptic cleavage as the bridge becomes more prominent. Conversely, cleavage of the two C-terminal residues leads to a conformational change in the DNase I-binding loop. Since both the DNase I-binding loop and the metal-binding site are quite distant from the C terminus, large allosteric effects must exist in F-actin. The conformational change in F-actin that results from the creation of this bridge may be induced by myosin binding, since this movement generates changes in actin's diffraction that are very similar to the changes in the muscle X-ray pattern during activation that are associated with the binding of myosin to the thin filament.